Abstract: Background and objectives: As the prevalence of obesity is increasing in a population, diagnostics becomes more problematic. Our aim was to compare the 3M Littmann 3200 Electronic Stethoscope and 3M Littman Cardiology III Mechanical Stethoscope in the auscultation of obese patients. Methods. A total of 30 patients with body mass index >30 kg/m 2 were auscultated by a cardiologist and a resident physician: 15 patients by one cardiologist and one resident and 15 patients by another cardiologist and resident using both stethoscopes. In total, 960 auscultation data points were verified by an echocardiogram. Sensitivity and specificity data were calculated. Results. Sensitivity for regurgitation with valves combined was higher when the electronic stethoscope was used by the cardiologist (60.0% vs. 40.9%, p = 0.0002) and the resident physician (62.1% vs. 51.5%, p = 0.016); this was also the same when stenoses were added (59.4% vs. 40.6%, p = 0.0002, and 60.9% vs. 50.7%, p = 0.016, respectively). For any lesion, there were no significant differences in specificity between the electronic and acoustic stethoscopes for the cardiologist (92.4% vs. 94.2%) and the resident physician (93.6% vs. 94.7%). The detailed analysis by valve showed one significant difference in regurgitation at the mitral valve for the cardiologist (80.0% vs. 56.0%, p = 0.031). No significant difference in specificity between the stethoscopes was found when all lesions, valves and both physicians were combined (93.0% vs. 94.4%, p = 0.30), but the electronic stethoscope had higher sensitivity than the acoustic (60.1% vs. 45.7%, p < 0.0001). The analysis when severity of the abnormality was considered confirmed these results. Conclusions. There is an indication of increased sensitivity using the electronic stethoscope. Specificity was high using the electronic and acoustic stethoscope.
Introduction
With advances in technology, the electronic stethoscope models of a new generation were created with the aim to avoid the previous auditory limitations of traditional stethoscopes and to apply the possibilities of new electronic technologies. The first electronic stethoscopes already had the ability to filter sound frequencies, eliminate background noise and amplify heart sounds-something impossible with acoustic stethoscopes. The new 3M Littmann 3200 electronic stethoscope also has the ability to transmit heart sounds via Bluetooth and this has been approved by the Food and Drug Administration (FDA) in the USA. Newer models of electronic stethoscopes have the ability to store and replay heart sounds away from the patient via an external source or computer. This can help in the teaching of medical students by the bedside [1, 2] . The idea of combining such a stethoscope with computer software that could visualize the murmur and heart sounds was proposed already several years ago for undergraduate teaching [2] .
Studies comparing acoustic and electronic stethoscopes in clinical practice are scarce. The study by Grenier et al. [3] compared electronic stethoscopes with standard devices and concluded that acoustic stethoscopes were preferred. However, they proposed that an ideal stethoscope would be a combination of the advantages of both acoustic and electronic stethoscopes. Another two studies [4, 5] found no difference in diagnostic accuracy, but these studies were not performed on obese patients. The sensitivity and specificity of auscultation depends on the expertise of the examiner [6] , but obesity also reduces the transmission of sound [7] . It is clear that the auscultation of obese patients is more problematic than the auscultation of the non-obese [7] . In order to improve the auscultation of obese patients, one possibility could be the use of new electronic technologies. We failed to find any study investigating the auscultation of obese patients using these two different types of stethoscopes for heart murmurs. However, the population's body mass index (BMI) is increasing in an ever-greater number of countries [8] [9] [10] . Therefore, our main aim was to compare the ability of auscultating heart murmurs in obese subjects using both electronic and acoustic stethoscopes. We also compared the benefit of using two different types of stethoscope for an experienced cardiologist in contrast to a less experienced but younger resident physician. This is important because with age, we have a gradual decline in our hearing ability [11, 12] .
Methods

Study Population and Design
Hypothesis generating pilot study (ClinicalTrials.gov Identifier NCT01665820) aimed to investigate the effect of using an electronic against an acoustic stethoscope in the ability of physicians to hear heart murmurs in obese patients. The consecutive patients arriving at Kaunas Clinical Hospital were considered for inclusion into this study if they had a BMI greater than 30 kg/m 2 (obese), were older than 18 years, were referred for an echocardiogram and agreed to participate in the study. Patients gave written informed consent for prospective inclusion in the study. The exclusion criteria were as follows: if the investigator believed the subject should not be included (a severe status of patient) or was unsuitable for inclusion (echo-negative patient). The study was approved by Kaunas Regional Biomedical Research Ethics Committee (approval No. BE-2-91).
Each subject received 4 auscultation examinations ( Figure 1 ). Two auscultations were done by a cardiologist with about 20 years of experience (one-21, another-19 years of experience) using both an acoustic traditional stethoscope (3M Littman Cardiology III Mechanical Stethoscope, 3M Health Care, St. Paul, MN, USA) and an electronic stethoscope (3M Littmann 3200 Electronic Stethoscope, 3M Health Care, St. Paul, MN, USA). Two additional auscultations were done by a 3rd-year medical resident doctor also using both an acoustic traditional stethoscope and an electronic stethoscope. Half of the patients were auscultated by one cardiologist and one resident, and half, by another cardiologist and another resident. Based on the randomization for each subject, the auscultation may begin with either the 3M Littmann 3200 Electronic or 3M Littmann Cardiology III Mechanical stethoscope. Physicians had a 2-week period to gain experience in using the electronic stethoscope before the commencement of the study. Each auscultation consisted of heart murmurs being listened to in the following sites: mitral (apex), aortic (right second intercostal space), pulmonary (left second intercostal space), tricuspid (lower left sternal border), and Erb's (left third intercostal space).
to in the following sites: mitral (apex), aortic (right second intercostal space), pulmonary (left second intercostal space), tricuspid (lower left sternal border), and Erb's (left third intercostal space). Figure 1 . Study flow chart. Patients could be excluded at any step of the study due to a severe status of patient. Based on the randomization for each subject, auscultation may begin with either the 3M Littmann 3200 Electronic or 3M Littmann Cardiology III Mechanical stethoscope (auscultation 1 was performed with one, auscultation 2 was performed with another stethoscope).
All physicians used the same ordinary methodology of Lithuanian University of Health Sciences: 1) Using the bell listen first to the apex (mitral area) just above the apex beat (palpate the apex beat), then at the second right interspace parasternally (aortic area), at the second left interspace parasternally (pulmonic area), at the third interspace adjacent to the left sternal border (Erb's area), and, finally, at the left parasternal area at the lower part of the sternum (tricuspid area) in the supine position. 2) Shift to the diaphragm and return to all these areas. 3) Ask the patient to exhale completely and stop breathing, listen at the apex and aortic areas, and Erb's area with the bell and the diaphragm; ask the patient to inhale completely and stop breathing, listen at the pulmonic and tricuspid areas with the bell and the diaphragm. 4) Ask the patient to roll partly onto the left side, listen at the apex with the bell and the diaphragm, then also ask the patient to exhale completely and stop breathing, and again listen with the bell and the diaphragm. 5) Ask the patient to sit up, lean forward and put his/her arms on the head, listen at the aortic and Erb's areas only with the diaphragm, also repeat the auscultation at these areas in full held expiration.
Physical conditions for all listeners were as in a real-life: all auscultations were performed in an ordinary room of patients. Physicians were allowed to listen at a particular site more times until they Figure 1 . Study flow chart. Patients could be excluded at any step of the study due to a severe status of patient. Based on the randomization for each subject, auscultation may begin with either the 3M Littmann 3200 Electronic or 3M Littmann Cardiology III Mechanical stethoscope (auscultation 1 was performed with one, auscultation 2 was performed with another stethoscope).
All physicians used the same ordinary methodology of Lithuanian University of Health Sciences: (1) Using the bell listen first to the apex (mitral area) just above the apex beat (palpate the apex beat), then at the second right interspace parasternally (aortic area), at the second left interspace parasternally (pulmonic area), at the third interspace adjacent to the left sternal border (Erb's area), and, finally, at the left parasternal area at the lower part of the sternum (tricuspid area) in the supine position. (2) Shift to the diaphragm and return to all these areas. (3) Ask the patient to exhale completely and stop breathing, listen at the apex and aortic areas, and Erb's area with the bell and the diaphragm; ask the patient to inhale completely and stop breathing, listen at the pulmonic and tricuspid areas with the bell and the diaphragm. (4) Ask the patient to roll partly onto the left side, listen at the apex with the bell and the diaphragm, then also ask the patient to exhale completely and stop breathing, and again listen with the bell and the diaphragm. (5) Ask the patient to sit up, lean forward and put his/her arms on the head, listen at the aortic and Erb's areas only with the diaphragm, also repeat the auscultation at these areas in full held expiration.
Physical conditions for all listeners were as in a real-life: all auscultations were performed in an ordinary room of patients. Physicians were allowed to listen at a particular site more times until they were happy with the sound quality during one auscultation. There was a time-frame of 3 h or less between the completion of the first and second auscultation so as to minimize bias and to keep the results as accurate as possible. After completion of all auscultations, the subject underwent echocardiography. Echocardiography was done by a different clinical team that had no access to the information obtained from the auscultations completed for the study.
In clinical practice, echocardiography is the standard for establishing the cause and severity of a murmur. The 2006 American College of Cardiology/American Heart Association guidelines on the management of patients with valvular heart disease (with 2008 focused update) included recommendations for the use of echocardiography in patients with symptomatic and asymptomatic murmurs [13] . Thus, the auscultation data we received were verified using an echocardiogram.
Statistical Analysis
The echocardiography clinical report form allowed for the reporting of three lesions. When comparing the auscultation results to the echocardiography findings, each echocardiography lesion found was included in the analysis. Thus it was possible for a physician to correctly identify one abnormality but not another. Each valve was analyzed separately.
Sensitivity/specificity analysis was conducted in two ways: (1) Was there an abnormality observed/heard or not? (2) Was there a correct identification of appropriate severity?
The first analysis aimed to observe if there was an abnormality observed/heard-the severity of the abnormality was not considered. Tables were produced by valve for both regurgitation and stenosis, by abnormality with all four valves combined and with all four valves and regurgitation and stenosis combined. McNemar's test was used to compare the stethoscopes for sensitivity and specificity for all combinations.
In the second analysis, correct identification of appropriate severity was considered. For this analysis, Table 1 shows the definition for correct identification of an echocardiography finding by auscultation. As there were only a few cases of stenosis observed, this was done for regurgitation only. As with the first analysis, the data were grouped in several ways. The Erb's site was also used in this study for auscultation. If a diastolic regurgitation was heard at the Erb's site, this was called an aortic regurgitation and the severity of the regurgitation was given the larger of the Erb's value and the aortic location value. If a systolic regurgitation was heard at the Erb's site, this was called a mitral regurgitation and the severity of the regurgitation was given the larger of the Erb's value and the mitral location value.
The chi-squared test was used to compare stethoscopes where the data was down to a 2 × 3 table. The significance level was at <0.05.
Results
Thirty patients, 20 men and 10 women, were included in the study (Table 2) . No one patient was excluded from the study. The mean age of the subjects was 68.27 years and their mean BMI was 34.53 kg/m 2 . The most common reasons for hospitalization were as follows: dyspnea, chest pain, and abnormal electrocardiogram. Echocardiography findings showed that the most frequent valve abnormalities were mitral regurgitation, tricuspid regurgitation, and aortic regurgitation. The total number of discrete heart auscultation data points reached 960-this originated from 4 different auscultations done on 30 patients, each having auscultations of 4 valves, with 2 abnormalities being regurgitation and stenosis. The echocardiographic data confirmed 189 counts of abnormalities being heard and 771 abnormalities not being heard on auscultation in the cases of 276 lesions observed and 684 lesions not observed during echocardiography in the first analysis.
In the detailed sensitivity and specificity analysis to identify the existence of regurgitation by valve, the only p value less than 0.05 was for sensitivity for regurgitation at the mitral valve for the cardiologist (p = 0.031, Table 3 ). Six regurgitations were correctly heard with the electronic stethoscope, but missed with the acoustic stethoscope. Only 3 subjects had stenosis and they were all aortic. There were no other stenoses observed using echocardiography. No significant differences in sensitivity or specificity in the identification of stenosis by valve for both physicians when comparing acoustic and electronic stethoscopes were documented (Table 4) . Sensitivity for regurgitation when all valves were combined was higher with the electronic stethoscope for the cardiologist (60.6% vs. 40.9%, p = 0.0002) and for the resident (62.1% vs. 51.5%, p = 0.016). Thirteen regurgitations were correctly heard by the cardiologist with the electronic stethoscope, but missed with the acoustic stethoscope and seven regurgitations were correctly heard by the resident with the electronic stethoscope, but missed with the acoustic stethoscope. When stenoses were added sensitivity was higher also with the electronic stethoscope for the cardiologist (59.4% vs. 40.6%, p = 0.0002) and the resident (60.9 vs. 50.7%, p = 0.016).
There were no significant differences in specificity for regurgitation with valves combined between the acoustic and electronic stethoscopes for the cardiologist (90.7% vs. 81.5%) and for the resident (92.6% vs. 87.0%). In addition, there were no significant differences in specificity for stenosis with valves combined between the acoustic and electronic stethoscopes for the cardiologist (95.7% vs. 97.4%) and for the resident (95.7% vs. 96.6%). For any cardiac abnormality, there were no significant differences in specificity between the acoustic and electronic stethoscopes for the cardiologist (94.2% vs. 92.4%) and for the resident (94.7% vs. 93.6%).
Sensitivity for regurgitation when all valves and both physicians were combined was higher with the electronic stethoscope (61.4% vs. 46.2%, p < 0.0001). Twenty regurgitations were correctly heard with the electronic stethoscope but missed with the acoustic stethoscope. Sensitivity for stenosis was the same for both stethoscopes (33.3% vs. 33.3%), but there were only six cases of auscultation of echo-positive stenosis.
Thus, for any cardiac abnormality, the electronic stethoscope had higher sensitivity (60.1% vs. 45.7%, p < 0.0001) as compared to the acoustic stethoscope when all valves and both physicians were combined. Specificity for regurgitation when all valves and both physicians were combined was higher for the acoustic than the electronic stethoscope (91.7% vs. 84.3%, p = 0.008). Eight regurgitations were incorrectly heard with the electronic stethoscope, but correctly not heard with the acoustic stethoscope. There was no significant difference in specificity for stenosis between the acoustic and electronic stethoscopes when all valves and both physicians were combined (95.7% vs. 97.0%). When all lesions and all valves and both physicians were combined, no significant difference in specificity between the acoustic and electronic stethoscopes was observed (94.4% vs. 93.0%, p = 0.30).
The analysis when severity of the abnormality was considered confirmed these results. The only p value less than 0.05 was for the cardiologist (p = 0.01) when analyzing regurgitation (Table 5) . When severity and physicians were combined, the only p value less than 0.05 was for the regurgitation of the mitral valve (p = 0.016) ( Table 6 ). Correct identification of regurgitation with severity, valve and physicians combined was in 64.58% of the cases with the electronic stethoscope and in 60.42% of the cases with the acoustic stethoscope. There were 22.92% of false-negative cases with the electronic stethoscope and 33.75% with the acoustic stethoscope. However, there were more false-positive cases with the electronic than the acoustic stethoscope: 12.50% vs. 5.83%. The p value was 0.004 indicating that the move to the right for the electronic stethoscope compared to the acoustic stethoscope was statistically significant.
No obvious effects on sensitivity and specificity were seen with respect to the use order of the stethoscope in the auscultation of regurgitation. Sensitivity of the acoustic stethoscope was 50.0% when used as the first stethoscope and 40.7% when used as the second stethoscope as compared to the electronic stethoscope which had 55.6% and 65.4% sensitivity, respectively. Specificity of the acoustic stethoscope was 91.4% when used first and 92.0% when used second in comparison to the electronic stethoscope having a specificity of 86.0% and 82.8%, respectively.
There were no significant differences in auscultation sensitivity or specificity between the two cardiologists or the two resident physicians (Figure 2) . Figure 2 . Sensitivity and specificity of heart auscultation using the electronic and acoustic stethoscopes by physicians. Comparison of auscultation data (n = 960) with echocardiographic data of 30 patients when regurgitation, stenosis and valves are combined. No p < 0.05 comparing the cardiologist 1 with the cardiologist 2, and comparing the resident 1 with the resident 2, and comparing the specificity between the electronic and acoustic stethoscopes for the both cardiologists combined and for the both residents combined.
Discussion
Our findings suggest that there is an indication of increased sensitivity using the electronic stethoscope. The electronic stethoscope had higher sensitivity than the acoustic stethoscope for regurgitation with valves combined for both the cardiologist and the resident in the analysis when severity of the abnormality was not considered. The sensitivity comparison when stenoses were added did not change these results since there were no discordant results for echo-positive stenoses. The detailed analysis by valve showed only one significant difference for regurgitation at the mitral valve for the cardiologist but not the resident physician. Mitral regurgitation was the most common valve abnormality in our study and cardiologists were older than 45 years. As we gradually lose our high-frequency hearing with age [11, 12] , an electronic stethoscope might be especially useful for older physicians, particularly for regurgitations which feature high-frequency murmurs [14] . The analysis when severity of the abnormality was considered confirmed the results seen with the first analysis. As there were only a few cases of stenosis observed, the second analysis was done for regurgitation only.
There were no statistical differences in specificity between the two types of stethoscopes for the cardiologist and the resident physician in both analyses. However, the specificity for regurgitation when all valves and both physicians were combined was higher with the acoustic as compared to the electronic stethoscope in the analysis, when severity of the abnormality was not considered. This could be due to inexperience with the electronic stethoscope. The physicians had only a 2-week period to familiarize themselves with the electronic stethoscope before the beginning of the study. Sensitivity and specificity of heart auscultation using the electronic and acoustic stethoscopes by physicians. Comparison of auscultation data (n = 960) with echocardiographic data of 30 patients when regurgitation, stenosis and valves are combined. No p < 0.05 comparing the cardiologist 1 with the cardiologist 2, and comparing the resident 1 with the resident 2, and comparing the specificity between the electronic and acoustic stethoscopes for the both cardiologists combined and for the both residents combined.
There were no statistical differences in specificity between the two types of stethoscopes for the cardiologist and the resident physician in both analyses. However, the specificity for regurgitation when all valves and both physicians were combined was higher with the acoustic as compared to the electronic stethoscope in the analysis, when severity of the abnormality was not considered. This could be due to inexperience with the electronic stethoscope. The physicians had only a 2-week period to familiarize themselves with the electronic stethoscope before the beginning of the study. We think that this is an insufficient amount of time for someone to accustom themselves to the electronic stethoscope. Hence, with more experience, there may be increased specificity using the electronic stethoscope.
The results of this study are supported by a small study that concluded that the electronic stethoscope was more sensitive than the traditional one in dogs [15] . However, it was an animal study using a different brand of electronic stethoscopes. Another recent study has concluded that digital recordings made with electronic stethoscopes are less sensitive but comparably specific to the conventional stethoscopes at detecting abnormal heart sounds in cats [16] . Despite a different methodology being employed compared to ours, the same brand of stethoscopes was used. The earlier human studies mentioned in the introduction showed no advantages of an electronic stethoscope over an acoustic stethoscope [3] [4] [5] . There is a lack of heart auscultation studies with modern stethoscopes in obese patients. One study on obese patients used a different method-audiocardiography [17] . The authors concluded that for senior physicians acoustic cardiography performed with an electronic device was not helpful in assisting the cardiovascular examination of the morbidly obese. However, they used another method and assessed heart sounds (S3, S4), but not murmurs. In our study, we assessed the ability of physicians to hear heart murmurs in obese patients.
Our study employed echocardiography as the gold standard to verify the results of auscultation [13] . The echocardiography clinical report form allowed for the reporting of three lesions, with the addition of stenosis and regurgitation, 6 echocardiography outcomes were possible. The auscultation clinical report form allowed eight possible auscultation outcomes. In clinical practice, we have 3 degrees (mild, moderate, and severe) of stenosis severity by auscultation as well as by echocardiography. However, in cases of regurgitation we have three degrees by auscultation but four degrees by echocardiography. Therefore, the exact data comparison is difficult. Hence, we created a table to standardize our comparisons between echocardiography and auscultation results (Table 1 ). It is possible that an easier solution to such comparisons will be found in future studies.
Our experience with this electronic stethoscope showed that despite its many possibilities, the electronic stethoscope is easy and convenient to use. We liked the auscultation with a bell and membrane together as it provided a better assessment of murmurs' connection with heart sounds and its possibility to increase the sound in obese patients, not to mention its ability to monitor the heart rate during auscultation. This is however impossible to achieve with an acoustic stethoscope.
The capability of newer generation of electronic stethoscope models to store and playback heart sounds away from the patient may be useful for teaching and patient monitoring. These stethoscopes allowed us to document not only murmurs, but as we discovered, sometimes it enabled us to document the elusive arrhythmias. Visualization of the murmurs could be useful for physicians in cases of gradual and continuous loss of hearing with age. The ability to transmit heart murmurs via Bluetooth technology also gives us an opportunity for consultations to occur among physicians over larger distances.
Recently, the new advantage of electronic stethoscopes over the conventional stethoscope has been highlighted: the possibility to use them for screening obstructive coronary artery disease [18] . Conventional stethoscopes lack the auscultation power to detect intracoronary murmurs of turbulent blood flow occurring due to hemodynamically significant coronary artery disease. The overall sensitivity of 89.5% was shown using the electronic stethoscope to ascertain coronary artery disease of >50% in any major epicardial artery [19] .
Summarizing, our study suggests that there is great potential in electronic stethoscopes for heart auscultations. Going forward, we can expect electronic stethoscopes to become more widely used in medicine.
Limitations
We analyzed 960 auscultations in our study; however, these auscultations were obtained from 30 patients only and we had only 2 cardiologist/resident pairs because it was a pilot study. It is a major limitation of the study. Another limitation is that half of the patients were seen by one cardiologist/resident pair and another half by another cardiologist/resident pair. Furthermore, the use of 8 possible auscultation outcomes and 3 possible echocardiography outcomes inflates the apparent power. Moreover, the physicians had only a 2-week period to familiarize with the electronic stethoscope before the beginning of the study. Therefore, the analyses were exploratory and were only used in the generation of hypotheses for later confirmation.
Conclusions
There is an indication of increased sensitivity using the electronic stethoscope in obese patients. Specificity was high using the electronic stethoscope as well as using the acoustic. There is also an indication that electronic stethoscopes might be especially useful for older physicians, particularly for regurgitations that are high-frequency murmurs.
This hypothesis should be confirmed in a larger study. Physicians should also be provided with a longer period to familiarize themselves with the electronic stethoscope. 
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